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Energy and power density 
comparison for batteries, 
conventional ultracapacitors, and 
the expected performance of 
graphene-based ultracapacitors. 
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Cyclic voltammetry profiles 
for parallel-plate graphene 
capacitor prototypes.
PVA‐H3PO4















3333.33 ‐27.968 1.79E‐04 1.19E‐01 4.87E‐06
2666.67 ‐16.082 2.49E‐04 1.66E‐01 9.17E‐06
1333.33 ‐4.9644 4.03E‐04 2.69E‐01 2.47E‐05
666.67 ‐1.951 5.13E‐04 3.42E‐01 3.89E‐05
533.33 ‐1.4548 5.50E‐04 3.67E‐01 4.35E‐05
400.00 ‐0.9818 6.11E‐04 4.07E‐01 5.03E‐05
266.67 ‐0.5539 7.22E‐04 4.81E‐01 6.19E‐05
133.33 ‐0.1924 1.04E‐03 6.93E‐01 9.27E‐05
66.67 ‐0.0593 1.69E‐03 1.12E+00 1.53E‐04
53.33 ‐0.0453 1.77E‐03 1.18E+00 1.61E‐04
40.00 ‐0.0291 2.06E‐03 1.37E+00 1.89E‐04
26.67 ‐0.0161 2.48E‐03 1.66E+00 2.29E‐04
13.33 ‐0.0043 4.65E‐03 3.10E+00 4.29E‐04
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• Capacitance and volumetric 
capacitance values were  obtained 
from galvanostatic curves at 
different current densities.
• Specific volumetric capacitances 
were calculated by considering the 
volume of the active material.
• Energy densities were obtained 
from cyclic voltammetry 
measurements.
• Volumetric capacitance reaches 3.1 
F/cm3 at 13.33 mA/cm3
• Decreases only to 1/3 of its highest 
value at 133 mA/cm3 and has a 
value of 0.1 F/cm3 at an extremely 
high current density of 3.3 A/cm3
• Results are very encouraging and 
show that we should be able to 
demonstrate we can achieve the 
high power and energy densities 
that would make them feasible for 
use in aircraft
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• Graphene‐based unltracapacitors for 
aeronautics applications
– Invited paper to be presented at the 247th ACS 
National Meeting, Dallas, TX, March 16‐20, 2014
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